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Abstract
For the purpose to look into the regulatory mechanism of erythropoiesis, changes in the cell
volume and the cell size of the erythroid cells have been observed in peripheral blood and mar-
row from normal and phenylhydrazine induced anemic rabbits. And the following results have
been obtained: 1. After the injection of phenylhydrazine hydrochloride a hemolytic anemia can
be induced with a marked increase in the reticulocyte number. The cell volume increases with
the advance of anemia but it is never proportional to the increase of reticulocyte number. The
MCV reaches the value twice the normal but it never exceeds the threshold. 2. In bone marrow
the smaller sized orthochromatic cells are reduced extremely in number or obliterated in anemic
animals. As there is not any marked difference in cell size of polychromatic erythroblasts between
normal and anemic animals, the large red cells of anemic animal will be formed by denuc1eation
of the polychromatic erythroblasts. 3. The percentage of basophilic erythroblasts is increased in
anemic animal suggesting an accelerated differentiation-division of proerythroblasts to basophilic
ones. 4. The data strongly support the denuc1eation at polychromatic stage in emergency but
not at the younger stages than polychromatic erythroblast. Data also suggest that in severe ane-
mia an accelerated cell division occurs, especially in the stage from proerythroblast to basophilic
erythroblast.
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As is well known the production of red cells is controlled by oxygen tension
of the atmosphere or by the oxygenation level of hemoglobin, e. g. in plethora
of those living in high land and of those having congenital heart failure or
stimulated erythropoiesis in bleeding anemia1.:I. An acceleration in the red cell
production may be made more effective by denucleation at younger stage of
erythroblasts. Recently, SENO and coworkers have demonstrated that in anemic
state the denucleation of erythroblasts can occur at the polychromatic stage
skipping one cell division as revealed through the observations on the changes in
cell size and the metabolism of RNA in erythroid cells from anemic rabbits!'·.
They showed that the red cell in anemic animal reaches twice the normal size
which may suggest the denucleation at polychromatic erythroblasts. Following
the method mentioned in their paper, the author studied again changes in the
cell size of erythrocytes and erythroblasts in phenylhydrazine anemia of rabbits.
The purpose is to reveal whether the red cell volume becomes larger than twice
the normal or not. This seems to be important in understanding whether the
denucleation can occur at an ealier maturation stage than polychromatic erythro-
blast or not. In this paper it is demonstrated that in phenylhydrazine anemia
the denuc1eation at an earlier stage than polychromatic erythroblasts is improb-
able, and the differentiation-division of erythroblasts is stimulated at the stage
from proerythroblast to basophilic erythroblast.
MATERIALS AND METHODS
Adult male rabbits were used for all the observations. Anemia was induced
by the repeated injections of phenylhydrazine hydrochloride by the method
described by SENO and others, a modified method of LONDON and others, which
was originally devised to obtain a mass of reticulocytes. Each rabbit weighing
about 2.5-3 kg received the subcutaneous injection of 2.5% phenylhydrazine
hydrochloride, 1-1.5 ml every day for 3 to 4 days. At certain intervals the
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number of red cells and reticulocytes, hematocrit and corpuscular volume (MCV)
were observed by routine method.
Four to five days after the last injection, where a marked erythropoiesis
was seen, some animals were sacrificed by blood depletion, and the femoral
bone marrow was crushed gently in glass homogenizer by adding an adequate
amount of homologous serum and smeared. The smears were fixed with
methanol, stained with May-Griinwald Giemsa by the routine method and the
size of erythroblasts was measured, dividing them into 4 groups according to
the maturation stages, i. g. the proerythroblast, basophilic erythroblast, poly-
chromatic erythroblast and orthochromatic erythroblast.
RESULTS
With the daily injections of phenylhydrazine the red cell count in the peri-
pheral blood was reduced markedly day by day and after 3 to 4 injections severe
anemia was induced, less than 2 million per cu mm. But the anemia showed a
rapid recovery tendency with a striking reticulocytosis. The hematocrit values
were also reduced with repeated injections but the reduction in the value was
not so marked as compared to that of the red cell count. Accordingly, the mean
corpusclar volume increased, especially in the later stage where a marked hema-
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Fig. 1 Changes in red cell number (RBC), Reticulocyte number (RC), hematocrit and mean
corpuscular volume (MCV) of the peripheral blood of phenydrazine anemia of
rabbit. Values show the mean of those from two rabbits. Arrows indicate the
injection of phenylhydrazine.
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Fig. 2 Cyto-diametric distribution of the
erythroblasts from one normal and
two anemic rabbits, a: Normal
rabbits, band c: Anemic rabbits.
Solid columns: Proerythroblasts,
Hatched ones: Basophilic erythro-
blasts, Dotted ones: Polychro-
matic erythroblasts, Open ones:
Orthochromatic erythroblasts.
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topoiesis was proceeding. The MCV reached as high a value as about twice the
original level 3 to 4 days after the last injection of phenylhydrazine (Fig. 1).
Thus the result showed that in the recovery stage of phenylhydrazine anemia,
i. e. in the emergency erythropoiesis, the red cell volume can increase as high
as twice the original level. Further observations revealed that the MCV value
did never exceed the level as high as twice the normal value. The repeated
observation gave always the same results as indicated in Fig. 1. Reticulocytes
increased in number reaching 60 to 90 per cent the red cell count but the in-
creased cell volume was never proportional to the reticulocyte number, indicating
that the macrocyte does not necessarily mean the reticulocyte itself, this being
3
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inconsistent with the general concept.
Table 1 Number per cent of erythroblasts in one normal (a) and two anemic (b. c) rabbits
received phenylhydrazine injection. Note the difference between polychromatic and
orthochromatic erythroblasts, while not any marked difference between proerythro
blasts in each animal, and also no difference between poly- plus orthochromatic
erythroblasts.
i Erythroblast I a I b I c I meanII
Proerythroblast 2.5 (%) 2.5 (%) 4.0 (%) 2.6 (%)
Basophilic 9.5 24 0 14.0 15.0
Polychromatic 56.5 0 73.5 79.5 79.7) 88. 2.7 ) 82.4
I
Orthochromatic 31.5 00 2.5
The cell diameters of erythroblasts in bone marrow were measured in those
animals killed at the stage where the MCV reached the level as high as twice the
normal. The results showed in anemic animal a very high peak of polychro-
matic erythroblasts and a moderate peak of basophilic erythroblasts, both of
which were markedly high in percentage comparing to those from normal
rabbit, respectively (Fig. 2, table 1). The most important finding in this obser-
vation is that the orthochromatic erythroblasts have been extremely reduced in
number or completely obliterated in anemic rabbits. As for the diameter of
polychromatic erythroblasts, it was essentially the same in normal and anemic
animal, around 7 p.. Consequently, the cell size of the smallest erythroblasts
in anemic animal is larger than that in normal rabbits, which is provided with
a mass of orthochromatic erythroblasts of smaller size than polychromatic ones.
This finding is comparable to that in peripheral red cells of the anemic animal
where the mean corpusclar volume is as high as twice the original level. The
largest polychromatic erythroblasts are 'found to be larger in size in anemic
animal than those of normal (Fig. 2). Basophilic erythroblasts are also increased
in number with the appearance of some smaller and larger ones comparing to
those from normal animal.
DISCUSSION
In severe hemolytic anemia as well as in experimental phenylhydrazine
anemia which is accompanied by the marked reticulocyte increase, there appears
anisocytosis or macrocytosis and it is generally believed that macrocytosis is due
to an increase in the large sized reticulocytes~. However, as has been demon-
strated in the present work, the increase in cell size is never proportional to
the number of reticulocytes. This fact indicates that some of macrocytes are not
reticulocytes but mature red cells. Data suggest that large reticulocytes will
mature to large sized red cells. The noteworthy finding is that the volume of
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the red cells, MCV, never exceeds the level twice the normal, as far as
the author has observed in the phenylhydrazine anemia of rabbits. SENO and
coworkers showed that the volume of red cell reaches twice the normal in
phenylhydrazine anemia4, but they failed to show whether it is the maximum
point or on the way to further increase. The present data show clearly that it
is the maximum point and never to increase any further. This suggests that in
phenylhydrazine anemia in its most active erythropoietic stage the denucleation
of erythroblasts occurs at the polychromatic erythroblast just skipping the termi-
nal cell division, but the denucleation will not occur in the earlier stages than
polychromatic ones, e. g. at basophilic erythroblast, provided the cell volume
is reduced by about one half at the terminal cell division as in the case of nuclear
volume.
In the bone marrow the orthochromatic erythroblasts, smaller than poly-
chromatic ones in size both in normal as well as in anemic animals, are reduced
extremely or are completely obliterated in phenylhydrazine anemia. As the
diameter of polychromatic erythroblasts is almost the same both in normal and
anemic animal, the denucleation at polychromatic stage forms large sized red
cells. The data are consistent with those obtained on the peripheral blood.
Concerning the numerical distribution of the erythroblasts in each matura-
tion stage, the data are in disagreement with those given by SENO and coworkers,
where they showed the increase in basophilic erythtoblasts and a relatively
reduced number in polychomatic erythroblasts. This will be due to the diffe-
rence in staining method; they observed by staining simply with Giemsa while
in the present experiment the smears were stained with May-Griinwald with
some short-period post-staining with Giemsa by which the cells appeared rather
acidophilic than those in the simple Giemsa stain. And the results probably
give the same meaing as that given by SENO and others. These data show the
denucleation at polychromatic stage in emergency hemopoiesis and support the
data shown by SENO and coworkers who observed the RNA level of reticulocytes
and erythroblasts, indicating that in anemic state there appear extremely baso-
philic reticulocytes whose RNA contents are comparable to those of polychromatic
erythroblast3•4• Data also support the view of BORSOOK and coworkers6 and
BRECKER and coworkers who suggested the terminal skipping of cell division
in emergency7. LAJTHA supposed the denucleation in proerythroblast in emer-
gency8.9· 1°but it does not appear so in the present observation. The mean corpu-
scular volume in anemia never exceeds the level twice the normal showing no
appearance of large sized cells whose volume is comparable to the cytoplasmic
volume of basophilic erythroblasts or proerythroblasts. The numerical observa-
tions revealed that the appearance of basophilic erythroblast is high in proportion
in anemic animals than in normal animal, while the number per cent of the
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proerythroblasts and the orthochromatic erythroblasts together with polychromatic
ones is comparable to that of normal animal (Table 1). This may suggest that
the accelerated differentiation-division from proerythroblast to basophilic erythro-
blast is taking place in anemic animal.
SUMMARY
For the purpose to look into the regulatory mechanism of erythropoiesis,
changes in the cell volume and the cell size of the erythroid cells have been
observed in peripheral blood and marrow from normal and phenylhydrazine
induced anemic rabbits. And the following results have been obtained:
1. After the injection of phenylhydrazine hydrochloride a hemolytic anemia
can be induced with a marked increase in the reticulocyte number. The cell
volume increases with the advance of anemia but it is never proportional to the
increase of reticulocyte number. The MCV reaches the value twice the normal
but it never exceeds the threshold.
2. In bone marrow the smaller sized orthochromatic cells are reduced
extremely in number or obliterated in anemic animals. As there is not any
marked difference in cell size of polychromatic erythroblasts between normal
and anemic animals, the large red cells of anemic animal will be formed by
denuc1eation of the polychromatic erythroblasts.
3. The percentage of basophilic erythroblasts is increased in anemic animal
suggesting an accelerated differentiation-division of proerythroblasts to basophilic
ones.
4. The data strongly support the denuc1eation at polychromatic stage in
emergency but not at the younger stages than polychromatic erythroblast. Data
also suggest that in severe anemia an accelerated cell division occurs, especially
in the stage from proerythroblast to basophilic erythroblast.
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